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M This i1s an example of Neural network calculation.
B The neural network structure used here iIs 3-layer structure.
M |t consist of 2 input units, 3 hidden units and 2 output units.
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» 4 types of fruits : Orange, lemon, pineapple and Japanese persimmon

» A man eat these 4 types of fruits and decide the level of sweetness and sourness of the fruits from the range of 0 to 10
» After deciding the level of sweetness and sourness, he then decide which fruits he likes and not which fruit he dislikes
* So let’s consider the fruits he likes as [1,0] and the fruits he dislike as [0,1]

Evaluation of the man’s taste
9
How to measure the
8 ¢ Lemon ¢ Orange man’s taste using
7 Neural Network?
6
)
85 e ® Pineapple
c persimmon
a 4
(@)
[7p]
3
2
1
0
0 1 2 3 4 5 6 7 8 9
sweetness
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Sweetness
K;=8

Sourness
K,=8

Score sample (n=1)

Sweetness
K;=8

Score sample (n=2)

Sweetness
K;=5

Sourness
K,=8

Bias=-1

Score sample (n=3)

Bias=-1

Sweetness
K;=5

Bias=-1

Score sample (n=4)

2017/09/01
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From above example, the result for four students are as below.

Fruits Sweetness Sourness Supervisor Taste Output value
Kaln] Kaln] [t,[n], t;[n]] [a,%[n], a,%[n]]
Orange 8 8 [1,0] Like [0.76, 0.69]
Lemon 8 5 [0,1] Dislike [0.75, 0.68]
Pineapple 5 8 [0,1] Dislike [0.75, 0.67]
Persimmon 5 5 [0,1] Dislike [0.72, 0.66]
* cost function: C=C; +Cy + -+ C, + -
« square error: C, = %{(ai [n] — t;[n])? + (a3[n] — t;[n])?}
o zZ=wi ki +wik,+bi <
© 6 =(af —t)a'(z)
e SE=(3wi +8wi +-)a (D) Omitting
[n]
. aivc."% =6"al" ", however, a; = K;
ij
ac
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P 3 _ .3 .2 o ) 2 2 3
22 = w2k, + wZ Kk, + b? P zi = wy;aj +wjai +wgap + b;

2 _ 2y __ 1 3 — 3)= 1
ih a(zi )_ 1+e % 0 a3Zl ) 1+e~ %
/(22 e ™ 24 12 (@) = ¢ = (1 -a}))a}
a'\ti) = 2=((1—ai)ai a = > = (1 —aj)a;
(e‘zt + 1) (e"zl + 1)

2017/09/01 Copyrights 2017-2018 LSI Design Contest. All Rights Reserved.



2017/09/01

B C 1s all learning data’s error.

=You find weight and bias that make minimize C to
differentiate C with respect to weight and bias.

=Gradient descent

(Awfy ..., AW}y ..., AbT ..., AbT ...) = —n(

aC ac aC aC
ows, owg, T abz T obs
If this numerical expression satisfy, C is the most smaller.

But it is too difficult to calculate this parameter.

If numbers of input units:10 , hidden units:10 , output units:3,
numbers of parameter is 10*10 + 10(bias) + 10*3 + 3(bias) =143.

= want to calculate at all once, if it’s possible decrease difference...
— Back propagation.
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oC__oC 972 _oC
ow?, 0z2ow?, 072 s
(v zf=wi ks + wi,k, + wizks + - + b7)

aC

. acC 2 2
e — - =
define 522 01 2 G, 07ky

... 0C dC 0z
while — = L= §2

db? ~ 9z% db?

aC _ sm_m-—1 aC . m 8
! Wi = 6]- a; '_ab}.n = 6]- (m=2 or 3)
1 _
(af = kp)
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B Back propagation is optimization of calculation.
calculate all parameter to return output to input.

8 = (ai — t)a’(z)
= (8iwiy + 8wiq + - )a’ (zf)

dC aC

= 05k 18 =
Ows ; o N

Weight and bias is depend on output parameter.
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M 0 1s errors. it 1S unit’s error. If you can express 0 In
known parameter, you don’t have to differential the

calculation.

It is easy to calculate output layer errors.
3
3 _ aC et dC daj _ aC o (23)
dz; 0a3dz} 0da3
. 83= (a} — t)a' (@)
*+ C is made of the difference between t and as;.

But hidden layer errors is more difficult to calculate
, 0C  0C 0zi0ai OC 0z daj
Y022 973 0a%2 022 073 9a? 072

dC 3 daC <3 6z§ _ 3 aZ% = 3
(azi{ B 81’azg = oo 0az ~ M5z = W2 )

87 = 8§3w;i,a'(z]) + &3w3a’ (zF) + -
5 82= (Si’wf’l + 5%W§’1 + ...)a/ (le)
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Initial parameter

ans

ans
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Sourness
K, =8

2017/09/01
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1=1,2,3
s~z = wi ik + w3k, + bf

=y

i=1,2

L #£TY %) 2 .2 3
s zZi = wyai +wyar +wgar + b;

AN . B\
- dp = a(zi)_ B
1+e 't
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87 = —4.811e-5

A 4

67=-0.0438 N
Bias=-1 I g
Sweetness
K, =8 0.9526 0.7 [ esdoreon] ans 2 83= (a3 —t))a'(z3)
. . . 2 3,,:,3 3.,,3 ! 2
0.2 ~ 0= (67wi1 + 63w51)a’(z1)
63 =2.918e — 5 .
1.3
Gy
0.9955 = 0.2635

Bia< 53=0.1478
W) >

A 4

o)
Q
77
1
1
|—\
| o
|wN
[l
©
o
(@)
—_
(@)
o
©
(@)}
(00
ol

0.7773 ans

1.1

Sourness .6 10.9900
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- . 83=(d§ — t)a'(z3)
1.0793|0.7464) ans
02 3 8= (SPwdy + 83w3 )a’ ()

13 3
2
0.9807 | = 0.3302
Bms=\-i 63 = —0.0701
0,2 >

0.9866

\ 4

A 4

Sourness
K, =5
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Sourness
K, =8

2017/09/01
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1=1,2,3
s~z = wi ik + w3k, + bf

=y

i=1,2

L #£TY %) 2 .2 3
s zZi = wyai +wyar +wgar + b;

AN . B\
- dp = a(zi)_ B
1+e 't
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I 67=0.1413
Bias=-1 I

\ 4

0.9370 0.7

1.0792(0.7463| ans

s 83= (a3 — t)a’'(z3)
s 67= (67wiy + 83w3,)a’(z])

0.2

&/

52 = —8.5086e —5

A 4

A 4

N\

0.7189

Bias=-1 52 = 0.0056

1.3
Cs
0.9890 = 0.3322
Bias=-1  §3 = —0.0722
W4
0.

\ 4

o
o
N
N

ans

1.1
Sourness ) 0.9427
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Sourness
K, =5
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i 1i

- 4 =a(z})=

1

1+e

3]

3 ) 2l My 2a\2 2 )7 3
s zZ7 = wya +wyal +wgar + b;
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53=0.1447
Bias=-1 I
0.8176 0.7
o 0.96420.7240, ans . E .
. . - 14
82 = —4.20q2e —4 ‘ a 512_ (a% _Stl)a (321)3 E
i w01 = (67w + 65w5)a’(z1)
1.3 = 0.3204
0.9526
; C
o
+ C,
52 = 0.0073 + gg
— o <
¥0.65640.6584 ans — 12463
1.1
0.9241
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To renew the weight and bias, we used the value of cost function that already
calculated when we inserted the input. From that, we can calculate it using §; .

» For example, let’s calculate how much weight of first
hidden unit to first output unit (w3 ;) need to change.

ac Aw3, is the difference of
ow3, old w3}, and new w3,

3 _
AWll—_

d

aC (acl aC,  9Cs ac4>

+ + +

3 3 3 3 3
owy ¢ owy, dwy, Odwy; 0wy,

= (87[1]af[1] + 8i[2]af[2] + 87[3]af[3] + 8%[4]az[4])

» Now let’s calculate the difference of
old bjand new b3

0C _ (9C,  9C, 0G5 oG,
ob3  \ab3 abd  abd ob}

= (83[1] + 83[2] + &83[3] + 83[4])

[1] — first supervisor value (8,8)
[2] — first supervisor value (8,5)
[3] — first supervisor value (5,8)
[4] — first supervisor value (5,5)
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Calculation to renew weight and bias (example 2/2)

Sooo R N

» Now, let’s calculate how much weight of first hidden
unit to second output unit (w3,) need to change.

, aC Aw3. is the difference of »> Now let’s calculate the difference of
Awip = —Mz—| < t2g 3 Id b3and new b3
ow; , old wy, and new wy, 010 bzand New by
aC
aC aC aC aC aC 3 — _
3 = | o ey e+~ Abz = NG5
ow; , ow;, dw;, Jdwy, Jdw;, 2
= (83[1]af[1] + 83[2]af[2] + 85[3]af[3] + 85[4]af[4]) ac  (oC;  0C; 0C3  0C,
ah3 3T st o3 T 503
» Now, let’s calculate how much weight of second hidden unit to abz 0 bz 0 bz 9] b2 9] b2
first output unit (w5 ;) need to change.
AwSy =1 oC | | Awj3, is the difference of = (83[1] + 85[2] + 85[3] + 85[4])
- 1/ ows3 old w3, and new w3,
aC d0C; aC, d0C; daC, [1] — first supervisor value (8,8)
S 5y T w3, T A T e [2] — first supervisor value (8,5)
[3] — first supervisor value (5,8)
= (83[1]a3[1] + 83 [2]a3[2] + 83[3]a3[3] + 83[41a3[4]) [4] = first supervisor vajue (5.5)
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Sooo R N

Calculati

on of Cost Func.

E i e e e e S S s SRR SRS R N WA e N S

From the above result, we can see that the
output value is far from the state value that
we are finding. So, to obtain a suitable
output value, we use Back Propagation

2017/09/01
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Input value Supervisor Output value Square Error Cost func.
[Ki[nL.Kz[n]] | [t[n], t,[n]] [as'[n], a5°[n]] Cy C
[8,8] [1,0] [0.76, 0.69] 0.26
[8,5] [0,1] [0.75, 0.68] 0.33
1.246
[5,8] [0,1] [0.75, 0.67] 0.33
[5,5] [0,1] [0.72, 0.66] 0.32
\ J

24



Bias=-1.0384

(new)wi‘?’j = (old)wl-3j + Awl-3j
(new)wizj: (old)wizj+Awl-2j
(new)b; = (old)b] +Ab}
(new)b?;= (old)b} ;+Ab}

~n=0.1

Bias=-0.9929
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Score result (after 15t renewal)

2017/09/01

Sweetness
=8

Sourness
=8

Bias=-1.0028

Bias=-1

Bias=-1.0015

Bias=-1.0384

0.9992 |0.7309

Bias=-0.9929

Score sample (n=1)

Sweetness
=8

Bias=-1.0028

Bias=-1.0384

0.9192 [ 0.7149

Bias=-0.9929

0.7633 | 0.6821

Score sample (n=2)

Sourness
=8

Bias=-1.0028

Bias=-1.0015

0.9890

Bias=-1.0384

Score sample (n=3)

Sweetness
=5

Bias=-1.0028

Bias=-1.0384

0.9526

0.6669 | 0.6608

Score sample (n=4)
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Input value Supervisor Output value Square Error Cost func.
[K1[n].Kz2[n]] | [4n], t[n]] [a5*[n], ag*[n]] C, C
[8,8] [1,0] [0.7309, 0.6894] 0.2739
[8,5] [0,1] [0.7149, 0.6821] 0.3061
1.1845
[5,8] [0,1] [0.7152, 0.6754] 0.3085
[5,5] [0,1] [0.6908, 0.6608] 0.2961
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Bias=-2.5904

Bias=0.2074

Q85 \

=0k
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(new)w,?j = (old)w,?j + Awl?’j
(new)wizj: (old)wl-zj+AWi2j
(new)b; = (old)b] +Ab}
(new)bizj: (old)b

2 2
l]+Abl
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Score result (after 10000" renewal)

Bias=-19.8802

Sweetness

KI:S

Sourness

K2=8

1.0000

Bias=-2.5904

Score sample (n=1)

Sweetness
K1=8

Sourness
K2=5

Bias=-19.8802

1.0000

Bias=-2.5904

Bias=0.2074
Q85

2.9366 | 0.9496

Score sample (n=2)

Bias=-19.8802

1.3790

'ii as=-0.9089

Sweetness
K1=5

97

Sourness
K3=8

Bias=-2.5904

Bias=0.2074
Q85

2.9365 1 0.9496

Score sample (n=3)

Sweetness
K1=5

Sourness
KZ:S

Bias=-19.8802

Bias=-2.5904

Bias=0.2074

Q85 \

3.8020]0.9782

Score sample (n=4)

2017/09/01

Copyrights 2017-2018 LSI Design Contest. All Rights Reserved.

33



Input value Supervisor Output value Square Error Cost func.
[Ki[n]Kz[n]T | [ti[n], t[n]] [a5*[n], a;°[n]] C, C
[8,8] [1,0] [0.9291, 0.0711] 0.0050
[8,5] [0,1] [0.0502, 0.9496] 0.0025
0.0105
[5,8] [0,1] [0.0502, 0.9496] 0.0025
[5,5] [0,1] [0.0217, 0.9782] 0.00047

2017/09/01

\

From above result, we can see the value
of Cost function has decreased compared
to the beginning of our calculation
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range graph

a? {Tnitial weight) az {Thitial weight)
‘ID B e e m e e e e e e e e e e e e e e e e e ke e e e e e e e e e e e e e e e s e e e e e e e e ieeaeaaae s . ‘I ‘Iu Y ‘I
g 0. g 0.4
3 08 3 08
7 : 07 7 07
6§ 106 B 06
4 é o
S 5 ; 405 S 5 : 05
z : z :
Lo : L :
4 : 404 4 g 04
3 ; 03 3 03
2 0.2 2 02
1 0.1 1 01
% 1 23 £ 5 7 § 09 10 : " 1 23 £ 5 B 10 !
Swneetness Sweetness
These graph shows the initial region of the man’s taste
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a? {Final weight) az {Final weight)
‘“] .................................................................. - ‘I ‘“] e PP X 'I
g : 09 g : 09
a : 08 a : 08
7 ; {07 7 : 407
: 1o ; H{os
) p i
5 : 105 5 : 105
z : z :
i : Lo :
4 : 4 4 : 04
3 ; 03 3 : 03
2 : 02 2 : 02
1 f 0.1 1 : 0.1
0 5 0 5
T 2 % 4 B B 7T & 9§ 10 ! 0 2 % 4 5 B 7T & @ 10 0
Sneetness Sneetness
These graph shows the final region of the man’s taste.
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* Now let’s measure the man’s taste when he eats another fruit which is dragon fruit
» He evaluate the sweetness and sourness of the dragon fruit as 3 both [k;=3, k,=3]
« The he said he likes the dragon fruit [t,=1, t,=0]

sourness

N W~ 01T OO N 00 ©

=

Evaluation of the man’s taste

Lemon
Japanese
persimmon
Dragon
fruit
2 3 4 5 6 7
sweetness

Orange

Pineapple
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B After some calculation, we can see that the value of weight and bias Is
changing simultaneously with the input value. This calculation Is repeated
until the different value between output and supervisor value become
smaller.

B From the graph, we can see the region of the man’s taste 1s changing from
unclear area to the area that we can estimated the result.
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